Purpose The study investigated the effects of poultry and goat manures on the kinetics of potassium fixation and release in some sandy loam and loamy soils of Ogun State, Nigeria. Methods The treatments consisted of poultry and goat manures applied at 25 g and 100 g/5 kg soil set in completely randomized design with three replicates. Potassium fixation and release kinetics were computed from the analytical data. Results Experimental soils was sandy, slightly acidic, low in nutrients with 80% fixed potassium. However, manure application resulted in 74% reduction of the amount of K fixed by the soils. Elovich and power functions had the best fit for K released in soils treated with goat manure. The K release pattern in poultry manure-amended soil is best described by the parabolic diffusion, Elovich, and power functions, while the first-order equation described K release in soils treated with cattle manure. The potassium release rate constant correlated positively with K uptake. Conclusion The ability of the studied soils to fixed K was reduced with the application of organic manures. Potassium fixation decreased with increase in organic manure rates, 100 g/5 kg soil tends to be the optimum rate, and poultry manure had greater effect on the fixing and releasing power of K.
Introduction
Potassium (K) fixation is common in most soils, and this underscores the importance of the nutrient addition as fertilizer nutrient and its availability to plants. Fixation of soil K is a function of many soil factors such as the types and amount of soil clay. Omueti and Laukullich (1988) reported that the presence of aluminum (Al) in soil interlayer 2:1 and mixed-layered silicates exhibit a pronounced affinity for K. This may invariably modify K exchange reactions and availability to crops in highly weathered soils of the tropics. However, specific adsorption sites for K in the soils have made the nutrient strongly adsorbed than Al, Ca, or Mg in tropical soils (Tening et al. 1995) . As a result of this, cycling of nutrients and the residual effect of K fertilization on the soils, consequently, improve. Majority of the soils in subhumid zone of Nigeria have been observed to have the ability to fix applied K (Tening et al. 1995) ; however, Adeoye et al. (2008) , reported that the K fixing of some of these soils could be ascribed to the soil type. It is established that K released from micaceous clays like muscovite or biotite occurs when there is exchange between the K and hydrated cations; it may also be as a result of mica dissolution which takes place before the formation of weathering products. The importance of these two (muscovite and biotite) in K chemistry is based on the stability of mica and soil environments (Sparks 2000) . The presence of large amount of K in the interlayer lattice is determined by the content of K in the soil with respect to the soil critical K level. Several studies (Agyenim-Boateng et al. 2006; Srinivasarao et al. 1999) , however, reported that biological activity promotes potassium release in the soil. Such biological activity could be promoted by the addition of organic manures. This is even more important in Nigeria where the soils are mostly deficient in K and large quantities of the animal manures 1 3 produced are considered as waste products from the livestock industry. Many soils in Nigeria are deficient in K and the status of this element varied widely among soils (Taiwo et al. 2009 ). For instance, exchangeable K in these soils will contribute to K nutrition in plant under exhaustive cropping without K fertilizer application; K removal from soil and input of non-exchangeable K-to-K uptake is about 90-95% of the total K uptake in plant (Srinivasarao et al. 1994) . Crop K nutrition is affected by the clay mineral type and the soil organic matter content. Therefore, for optimum crop growth, external inputs to improve soil K fertility are necessary by the addition of organic or inorganic fertilizers. Organic fertilizers release nutrients into the soil to nourish soil habitats; they release minerals slowly and steadily for plant growth and development (Erin 2007) , but the inorganic fertilizer is costlier than organic fertilizers and unavailable to farmers. It produces harmful effects on the soil by increasing the soil acidity and degrading soil properties; on the contrary, the organic fertilizer serves not only as sources of nutrients in plants but also improves soil physical properties (Nottidge et al. 2005) . In production of crops, water soluble K and exchangeable K are exhausted by crop uptake (Samadi 2010) and, therefore, need to be replaced continually with K through the release of fixed K. Consequently, it is hypothesized that addition of manures will affect the K chemistry and subsequent release in soils. Hence, this research was designed to study the effect of poultry and goat manures on soil capacity to fix and release added potassium.
Materials and methods

Description of the study area
The research was carried out in May 2016, on six soil samples collected from six different locations in Ogun State, Nigeria. The state has a land area of about 16,726 km 2 . The state is within the rain forest zone and partly within the southern Guinea savanna region of the Nigeria's agroecological belt (Sodiya et al. 2009 ). The rainfall pattern is bimodal, thereby making it fit for production of crops like maize, rice, and vegetables. The vegetational cover of the state ranges from mangrove forest in the southeastern part of the state to the diverse forest communities and guinea savanna in the northwest; this also enhances livestock production (Sodiya et al. 2009 ).
Soil sampling
Surface soil (0-20 cm) samples were collected from Ijale-Papa (7°12′ 00″N:3°12′ 00″E), Aiyetoro (6 42′0″N: 20 49′0‴E), Ipetumodu/Agbadu (8 5′0″N; 33.35′E), Ojere (7 6′ 0″N: 3.43′E), Olorunda (7.21′N; 3.37′), and Ilewo-Orile (7.22′N; 3.43′E); they belong to three local soil series of Apomu, Iwo, and Ibadan series. The soils of the locations are Alfisols, characteristically kaolinitic with some Fe and Al oxides in trace amounts.
Pot experiment
Five kilograms of the sieved soil samples were placed in plastic pots (10 l capacity) with drainage holes at the bottom. Small rates of organic manures were used to get a clear understanding of the fixing abilities of the soils and release of potassium. The poultry and goat manures were air dried before incorporation into pots separately at 25 and 100 g/ pot; no manure was added to the control pots. This is equivalent to applying approximately 1.25 and 5 tons manure per hectare. The soil and manure mixture were irrigated to 70% field capacity and left for 14 days for equilibration. Thereafter, the manure-treated soil samples were taken from each pot to investigate the soil K-fixing capacities and release kinetics. The experimental units are arranged in completely randomized design.
Soil analysis
The soils textural classes were determined by the hydrometer method as used by Gee and Bauder (1986) . Soil pH was measured using glass electrode attached to a pH meter (HANNA pH meter); this was done in a 1:2.5 soil-water ratio (Page et al. 1982) . The exchangeable acidity was extracted with 1 M KCl solution and titrated against 1 M NaOH. Soil organic carbon was determined by dichromate acid oxidation procedure (Nelson and Sommers 1982) . Exchangeable bases (K, Ca, Mg, and Na) in the soils were extracted with 1 M NH 4 OAc, and determined by flame photometry (K and Na), while Ca and Mg were determined by atomic absorption spectrophotometry (Knudsen et al. 1982) . Mixtures of HNO 3 and H 2 SO 4 (1:1) were used to digest the soil samples for total K. Available K was extracted with 1 M NH 4 OAc; soil-water suspension (1:5) was used to extract for solution K after shaking for 60 min (Sharpley 1987) . Exchangeable K was obtained by deducting solution K from NH 4 OAc-K. The difference between total K and NH 4 OAc-K gave non-exchangeable K, while mineral K was deduced from the difference between the non-exchangeable K and the fixed K. Flame photometer (JENWAY) was used to measure all forms of K (Sharpley 1987) .
Potassium fixation
Potassium fixing capacities of the soils were investigated using the method of Jackson (1979) as used by (Sahu and Gupta 1987) . Exchangeable potassium was extracted with 0.5 M CaCl 2 solution; 5 g each of the treated soil was placed in a polypropylene centrifuge tubes with 50 ml of 5, 25, 45, 97, and 120 mg L −1 potassium solution as KCl; 10 ml of distilled water was added. After shaking for 3 h and 72 h' equilibration, the soil suspension was centrifuged; fixed K was determined in the liquid phase using flame photometer. The reading from flame photometer gave the concentration of fixed K in ppm; this was converted to cmol kg −1 by the expression: ppm/39 × 10. The product of the expression divided by the total K multiply by 100 gave the % fixed K in the studied soils.
Potassium release kinetics
One gram of treated soils was transferred into 50 ml centrifuge tubes containing 10 ml of 0.05 M citric acid and were shaken for 1, 2, 4, 8, 16, 32, 64 , and 128 h, at the end of the equilibrium periods, the supernatants were separated by centrifugation, in duplicates, and extraction was repeated by adding another 10 ml citric acid (Simard et al. 1993 ); K in the supernatant was measured.
Potassium released with time was fitted to the four mathematical models; (Martin and Spark 1983) . (Sparks 1989) . 4. Power function: lnK t = a + b lnt (Havlin and Westfall 1985) .
Potassium released at time (t) = K t , K o is the highest content of K released, a and b are constants, and (t) is time in hour. The constants 'a' and 'b' were calculated from the slope and the intersection with y-axis of the plot lnX vs lnt, respectively. The rate constants (b) were calculated from the slope of the linear regression equation which was fitted (Dimirkou 1994) .
Results and discussion
All the studied soils had high sand content (Table 1) ; such soils cannot hold appreciable amount of water or nutrients for plants, so there will be need to improve the soil's water and nutrient holding capacity by the addition of organic amendments. The content of quartz in the parent material of the studied soils may be high which probably led to high values of the sand fraction (Brady and Weils 1999) . All the studied soil was acidic (pH range of 5.44-6.51) in nature; this may be due to the soil management practices or the sandy texture could have promoted the leaching of soil basic cations. The normal pH values of soils of the region are 5.5-7.5 (Agbogidi and Ejemete 2005) . The acidic nature (Table 1) may be due to leaching of the soil basic cations; more than 75% of the soil separates are sand and the consequent low soil pH. This agrees with the reports of (Ojeniyi and Akanni 2008) ; they reported nutrient deficiency in soils of Southwestern part of Nigeria, because they are mostly weathered Alfisols. Rapid decomposition of organic matter by high solar radiation might be responsible for low organic matter concentration. Landor (1991) also reported natural removal of organic materials through continual burning as a major contributor to the reduction in organic matter accumulation in the soil. The low total nitrogen content observed of the soils is related to the low level of organic matter. Soils with low pH have high fixing power for phosphorus resulting in low content of the nutrient in the studied soils (Nnaji et al. 2002) . Low values were observed for effective cation exchange capacity and exchangeable acidity in the soil samples; these could be a result of washing out of exchangeable bases in the soil (Olatunji et al. 2007 ). The low electrical conductivity (0.02-0.96 ds m −1 ) of the studied soils could be responsible for the low concentrations of Ca 
Potassium status in studied soils
The solution K observed in the soils from Ijale-Papa, Agbadu, Olorunda, and Ilewo-Orile, was lesser than the critical value (0.05 cmol kg in Agbadu. The low content does not retard the release of exchangeable K, but it is not enough to sustain plant growth and is very low compared with the requirement for most crops (Datta and Sastry 1988) . The values of NH 4 OAc-K (0.04-0.34 cmol kg −1 ) observed were lower than the values of 0.4-2.0 cmol kg −1 reported by Darwish et al. (2003) . Considering the critical value of NH 4 OAc-K (0.41 cmol kg −1 ) reported by Al-Zubaidi et al. (2008) , all the studied soils were low in NH 4 OAc-K, and hence, the soils are expected to respond positively to potassium fertilization. The study showed that NH 4 OAc-K constituted a substantial part of K supplying power of the studied soils, because it consisted 28.57-88.57% of fixed K. A large content of the K in the studied soils occurred as fixed K; this signifies that the studied soils are assumed to have high supplying power for long-term cropping (Chen et al. 2001) . The clay mineral types in the soil could be responsible for the high K-fixing capacity; this was, however, not verified empirically in the study. Potassium in the six soils was observed to occupy a small portion of cation exchange capacity (CEC) of the soils (Table 2) ; this was showed by the average % K saturation (8.78%) of the soil samples (Al-Zubaidi et al. 2008) . This result was similar to the observations of Eghball and Power (1999) who observed increase in soil K after the application of compost made from swine and chicken manure. Statistical analysis revealed the significant correlations (p < 0.05) between the amount of fixed potassium and cation exchange capacity (CEC) in the studied soils; there was no significant correlations (p > 0.05) between fixed K, % organic matter, % clay, and % silt. Hosseinpur and Safari Sinegani (2007) reported similar relationship between fixed K and cation exchange capacity, but his observation was different from the relationship with % clay, % silt, and % organic matter. They reported a significant correlation between the latter and the soil properties, and the result revealed that the studied soils were characterized by relatively high potential for potassium fixation (Tables 3, 4 ). The amount of potassium released by successive extractions increased with time; the apparent equilibrium was obtained after 64 h (Fig. 1a-d) . The patterns of the curve were related to the initial content of potassium. The curves showed two stages of release, which was characterized by extraction of soluble and weakly bonded potassium (mostly exchangeable K); the latter stage which was observed after 32 h of extraction Table 4 Percentage (%) of fixed potassium in the studied soils after 100 g organic manure application was characterized by release of strongly bonded potassium (mostly non-exchangeable K), this segment is known to be crucial for the replenishment of the labile soil K. The discontinuity of the slope showed different mechanisms controlling release process; it is likely that the K released by mechanism in the weathered periphery (1-32 h) is distinct from slow K released in the interior site (32-128 h) of the clay minerals (Talibudeen et al. 1978) . The cumulative K release plots had a pattern similar to the plots demonstrated by Hosseinpur and Kalbassi (2000) . The difference in the amount of K released from the studied soils could be ascribed to the nature of the K-bearing minerals which may include: crystal structure, chemical composition, degree of depletion, layer charge alteration, and soil environment (Al-Zubaidi 2003) .
The results showed that, after 32 h of extraction, a considerable portion of the non-exchangeable K was remaining in the soils; this is an indication that the unreleased nonexchangeable K will be released and utilized by plant for a long period of time. These observations differ from the report of (Datta 1993) ; he observed equilibrium in the 8th extraction after 128 h which showed that, after this time of extraction, the soils which he studied still had considerable amount of non-exchangeable K remaining. The release of non-exchangeable K was an exchange reaction when this slow exchange occurs; the replacing ion first enters the unexpanded interlayer without its hydration. Simultaneously, the interlayer will expand upon hydration of these ions allowing fixed or trapped K + to hydrate and slowly diffuse to exchange sites on outer parts of the clay particle (Hosseinpur et al. 2012) .
Results of the statistical analysis obtained from the graphs, which were fitted between the models and the experimental data reflected by the Coefficients of determination (R 2 ) and the standard errors of estimates (SE) and other constants. First-order best described K released in soils treated with goat manure (Table 5) ; this finding is in conformity with the report of Hosseinpur and Kalbassi (2000) . The parabolic diffusion, Elovich, and power function equations described most appropriately, the K released in soils treated with poultry manure (Table 6) , and this is analogous to the report of (Agyenim-Boateng et al. 2006) . The first order, Elovich, and Power function equations which demonstrated the best fit also displayed the high potassium (K)-released rate (b) values. 
Conclusion
Result from the study revealed that the potassium fixing capacities of the studied soils were reduced after the application of the three different organic manures, and hence, more K was released. The ability to fix K decreased with increase in organic manure rates, 100 g/5 kg soil tends to have more effect on the fixing abilities of the soils, and poultry manure had greater effect on the fixing and releasing power of K.
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